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Carbon footprint of average U.S. household

50 metric tons carbon dioxide equivalents (CO2e) per year

source: coolclimate.berkeley.edu
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Carbon footprint of average global household

10 metric tons carbon dioxide equivalents (CO2e) per year

source: coolclimate.berkeley.edu
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Average global household under climate stabilization

2 metric tons carbon dioxide equivalents (CO2e) per year

source: coolclimate.berkeley.edu
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Carbon footprint of average U.S. household

50 metric tons carbon dioxide equivalents (CO2e) per year

source: coolclimate.berkeley.edu
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Previous studies:

• Fuel processing

• Fuel transport/storage

• Power plant construction

Our study:

• Procurement

• Full supply chain LCA
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Carbon footprint of average California household

47 metric tons CO2e per year

source: coolclimate.berkeley.edu
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Carbon footprint of average St. Louis household

49 metric tons CO2e per year

source: coolclimate.berkeley.edu
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CBEI Products

11

• Inventory tables & graphs at regional, county, and city scale

• Maps showing GHG footprint at fine-grained local scale

Christopher M. Jones & Daniel M. Kammen. A Consumption-Based Greenhouse Gas Inventory of San Francisco Bay Area Neighborhoods, Cities and 
Counties: Prioritizing Climate Action for Different Locations. Report prepared for the Bay Area Air Quality Management District. December 15, 2015 



Household GHG Emissions from Transportation by Block Group
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51.4								 tCO2e	/	household 15,776													 households 811,641												 tCO2eCITY	OF	DUBLIN
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CBEI Methodology

• Expenditure profiles for average household in each of the ~4,700 
Census block groups in Bay Area – then scale up

• Local input data:

• Electricity & natural gas (by zip code…modified to block group)

• Other: pubic transit, fuel economy, recycing/composting

• Census data & weather

• Modeling using national household surveys (Bay Area respondents)

• Consumer Expenditures Survey

• National Household Travel Survey

• Residential Energy Consumption Survey

• Life-cycle GHG emission factors for the “Kyoto 6” set of GHGs
- Indirect Emissions: Comprehensive Environmental Data Archive
- Bay Area-specific emissions factors (water, LCSF)
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Comparison of USA and SF Bay 
Area models for electricity

Dependent variable: ln of kWh per HH

(standardized t coefficients shown in table)

# of Independent variables:
Home Structure: 5
Economic: 3
Demographics: 7
Geographic: 7
Combined: 1
TOTAL: 23

Excluded:
Policy
Equipment adoption rates
Behavior

Variable Type USA SF Bay Area

NUMROOM Home Structure 18.6 7.9

HTNG Home Structure -9.5

SQFTA Home Structure 7.2

HTKWH Home Structure 19.8

DETTACHED Home Structure 7.3

PRICEKWH Economic -24.5

PRICEKWHSQ Economic 10.9

OWN Economic 3.4 5.8

LNNUMIPL1 Demographic 21.5 14.5

LNINC Demographic 9.7 8.7

HOHASN1 Demographic -9.8

GRAD Demographic -5.5

WHITE Demographic 6

BLACK Demographic 4.2

AGE Demographic -2.2

CDD65 Geographic 17.5

RURAL Geographic 7.9

5 Location
Dummies

Geographic -10 – 3.4

LNCDDSQFT Combined 11.9
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kWh	per	household	(CoolClimate	Model)	

Average	kWh	per	household	by	zip	code	
CoolClimate	vs.	PG&E	data	(2013-14)	
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kWh	per	household	(CoolClimate,	adjusted)	

Average	kWh	per	household	by	block	group	
CoolClimate	vs.	PG&E	data	(2013-14)		

CoolClimate modeled electricity (x-axis) 
vs. actual electricity (y-axis) by zip code; 

CoolClimate modeled electricity, 
adjusted to mean of actual by zip code 
(x-axis) vs. actual electricity (y-axis) by 
census block group

Electricity model validation & adjustments



Modeled vs. Actual Result Shows Efficiency of Each Location (policy + behavior)
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kWh	per	household	(CoolClimate	Model)	

Average	kWh	per	household	by	zip	code	
CoolClimate	vs.	PG&E	data	(2013-14)	



A Measure of Technical Potential for Energy Efficiency (electricity only)?

R²	=	0.61	
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kWh	per	household	(CoolClimate	Model)	

Average	kWh	per	household	by	zip	code	
CoolClimate	vs.	PG&E	data	(2013-14)	

Technical Potential:
~30% at mean usage



A Measure of Achievable Potential for Energy Efficiency (electricity only)?
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kWh	per	household	(CoolClimate	Model)	

Average	kWh	per	household	by	zip	code	
CoolClimate	vs.	PG&E	data	(2013-14)	

Achievable Potential (1 SD):
~20% at mean usage
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Typical California School
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Energy	carbon	footprint	from	typical	Davis	CA	homes	
source:	CoolCalifornia.org/calculator	
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Energy	upgrade	op ons	for	typical	Davis	CA	home	
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0	 1	 2	 3	

Choose	Energy	Star	Fridge	
Turn	Up	Thermostat	in	Summer	

Switch	to	CFL's	
Line-dry	Clothing	

Reduce	Air	Travel	10%	
Go	organic	

Turn	down	thermostat	in	Winter	
Take	public	transit	20	mi	per	week	

Reduce	waste	by	50%	
Ride	my	bike	20	mi	per	week	

Maintain	my	vehicles	
Carpool	to	work	once	a	week	

Prac ce	eco-driving	
Telecommute	to	work	once	a	week	

Green	electricity	or	PV	
Eat	a	low	carbon	diet	

Increase	fuel	economy	by	10	mpg	
Increase	fuel	economy	by	20	mpg	

metric	tons	CO2e	
	per	year	

Annual	carbon	footprint	savings	poten al	for	typical	Davis	CA	
households	(results	from	CoolCalifornia	Calculator)	



Mitigation Wedges
California Max Scenario

2010 2020 2030 2040 2050
Transportation 176,214,168										 136,680,214			 98,887,208							 64,093,360								 33,342,082																			

Housing 76,384,619													 57,574,080						 39,286,176							 22,734,032								 9,132,003																					

Food 102,186,301										 101,484,957			 99,552,530							 96,416,021								 91,951,729																			

Goods 91,036,028													 83,711,302						 74,866,186							 64,681,621								 53,338,547																			
Services 82,686,583													 80,208,374						 75,702,073							 69,059,209								 60,171,313																			

Electric	Vehicles -																									 17,893,971						 33,099,101							 46,241,177								 57,442,113																			

50+	MPG	Vehicles	 -																									 3,067,348								 4,427,473									 4,669,645										 4,210,177																					

Urban	Infill 																												-			 												726,354	 										2,031,162	 											3,034,071	 																					3,381,005	
VMT	Reduction -																									 6,693,794								 11,969,961							 15,920,690								 17,456,730																			

Low	Carbon	Vehicle	Fuels -																									 6,699,094								 12,113,469							 16,507,803								 20,048,462																			

Air	Travel	Efficiency -																									 9,534,452								 19,923,513							 31,011,271								 42,641,813																			

Air	Travel	Reduction -																									 6,370,312								 13,566,762							 21,348,724								 29,446,902																			

Renewable	Electricity -																									 2,323,566								 4,600,514									 6,734,749										 8,630,174																					

Energy	Efficiency 																												-			 									2,995,373	 										5,217,057	 											5,921,775	 																					4,619,629	

Energy	Conservation 																												-			 									2,983,725	 										4,176,271	 											3,727,848	 																					2,150,638	

Heating	Electrification 																												-			 									1,725,663	 										3,108,913	 											3,515,727	 																					2,896,313	

Home	Size	Efficiency -																									 363,177											 1,015,581									 1,517,035										 1,690,502																					

Waste	Efficiency	&	Cons. -																									 505,778											 986,199												 1,419,700										 1,784,721																					

Water	Conservation -																									 1,210,522								 2,229,000									 3,012,024										 3,516,189																					

Commercial	Efficiency -																									 4,473,352								 9,624,750									 15,454,194								 21,961,684																			

Industrial	Efficieny -																									 4,925,058								 10,596,629							 17,014,713								 24,179,310																			

Shift	Consumption 																												-			 									2,163,878	 										3,990,638	 											5,339,713	 																					6,070,538	

Agricultural	Efficiency 																												-			 									6,910,361	 								14,868,156										23,873,386																				33,926,049	
Health	Diets -																									 2,283,928								 4,515,606									 6,610,826										 8,485,381																					

Taxation -																									 -																			 -																				 -																					 -																															

TOTAL	BEFORE	MITIGATION 528,507,698										 543,508,634			 550,354,929					 549,859,314						 542,474,008																	

MITIGATION -																									 83,849,706						 162,060,756					 232,875,072						 294,538,333																	
TOTAL	AFTER	MITIGATION 528,507,698										 459,658,928			 388,294,174					 316,984,242						 247,935,676																	



















Relevance for EE Potential Studies:

1. Proposed Efficiency Method: 20% achievable potential; 30% technical potential 
efficiency for electricity in SF Bay Area

2. Carbon footprints (incl. energy) and mitigation potential vary widely by location

3. More work on EE and CF potential is needed for other locations

1. Important to consider full lifecycle impacts in decisions

2. Optimal EE strategy is not necessarily the optimal GHG strategy
1. Example: ZNE ≠ ZNC
2. RE is cheaper and easier than many EE measures….important to consider 

alternatives to EE. Implication: limit potential to cost-effective vs. RE?
3. Incremental improvements in EE may prevent meeting long-term GHG 

reduction targets – e.g., need to phase out natural gas



Comments?

cmjones@berkeley.edu

mailto:cmjones@berkeley.edu


Results

• Total GHG emissions (530M tCO2e) are 16% higher than the production-based perspective in 
2010 (which was 456M tCO2e)

• Food becomes the largest portion of carbon footprints by 2035 (also services due to shifting 
spending on goods to services)

• 50% GHG reduction in absolute terms is the max possible under the most aggressive scenario 
for 2050 for CA (from the consumption perspective)

• Cities in the Central Valley experiencing population boom (e.g., Bakersfield will grow by 90%) 
can only reduce by 30% (and 0% reduction in the Medium scenario)

• Some cities are expected to decrease in population, making deeper reductions much more 
feasible

• Air travel becomes a larger share of emissions, but holds large potential for deep reductions 
using advanced biofuels (plus efficient design)

• Conservation reduces up to 15% GHG reduction in 2050, but its contribution is minimal in 
2050 if technology is primarily renewable.

• High-Speed Rail reduces total emissions by less than 0.5%, but contributes to urban infill 
which has potential for 0 - 10% reduction depending on the location

• Urban infill has higher potential in SF Bay Area where public transit access reduces car 
dependency. 



Policy Implications

• An increasing share of California’s carbon footprint will occur outside the geographic 
boundaries

• Local governments and the state should incorporate consumption-based emissions and 
targets

• Local governments should consider adopting per capita targets 
• The mix of GHG mitigation opportunities depends on the target. California’s 2030 target calls 

for a mix of urban infill, technology and conservation. California’s 2050 target would focus on 
technology

• Near complete electrification of vehicles and heating with renewable electricity is needed to 
meet most aggressive scenarios (e.g., California’s 2050 target)

• California should set 50% GHG reduction target by 2050 from consumption perspective. This 
would send strong single internationally.

• Method creates emissions and migration scenarios for every CA city and county, with maps at 
neighborhood scale. Can be readily scaled up to all of US and internationally.

• Public transportation infrastructure similar to the SF Bay Area would be needed in the Central 
Valley in order realize the full benefits of urban infill



Future work

• Deep dive paper comparing cities, land use
• Method to compare production-based and consumption-based emissions
• Develop scenarios for policies under local, regional and state control
• Include cost of measures, and individual policies supporting each area of reductions
• Deep dive on feasible reduction under local, regional and state policies
• Cost of 50% reduction to state government, municipalities, regions, households
• Run least-cost optimization for policies under control by each location
• Develop online tool (current spreadsheet tool is set up to make this easy)
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Distribution of U.S. household carbon footprints 

Weber, C.L., & Matthews, H.S., Quantifying the global and distributional aspects of American
household carbon footprint. Ecological Economics S 6 6 ( 2 0 0 8 ) 3 7 9 – 3 9 1







The BIG Problem

Climate change is the result of countless daily actions by billions of people embedded in a 
massive global economy, governed by laws, economic and social forces that influence their 
actions. 

A Smaller Solvable Problem

Those interested in addressing their impact on climate change typically lack understanding of the 
best opportunities and the potential consequences of those actions.  



CoolClimate Vision
Smart Tools for a Cooler Planet

CoolClimate’s envisions a world in which every national, state and local government, 
business, organization and household has access (and exposure) to smart greenhouse 
gas decision-making tools, policies and programs.  

Smart tools:

• instantly provide usable information,
• are elegantly designed to be user-friendly and esthetically appealing,
• learn from interactions with other users,
• utilize insights from behavioral sciences to motivate users to take action, and
• encourage democratic and participatory decision-making



Source: CoolCalifornia Local Government Decision-support Tool (in review)
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Wei M, Nelson, J.H, Greenblatt, J.B., Mileva, A., Johnston, J.,Ting, M., Jones, C.M., Yang, C., McMahon, J.E., Kammen, D.M., 
Deep carbon reductions in California require electrification and integration across economic sectors. Environmental Research 
Letters (8) 014038

Meeting California’s 2050 GHG reduction target
Previous work focuses on pathways to meet GHG reduction targets not technical or achievable potential
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Change in electricity demand to meet 2050 target

Wei M, Nelson, J.H, Greenblatt, J.B., Mileva, A., Johnston, J.,Ting, M., Jones, C.M., Yang, C., McMahon, J.E., Kammen, D.M., 
Deep carbon reductions in California require electrification and integration across economic sectors. Environmental Research 
Letters (8) 014038
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A Behavior Wedge for California households

Wei, M et. al (2011). California’s Carbon Challenge: Scenarios for Achieving 80% Emissions Reduction in 2050. White 
paper prepared for California Energy Commission, in press 
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